Interactions of dissolved organic matter (DOM) with soil minerals, such as metal oxides and clays, involve various sorption mechanisms and may lead to sorptive fractionation of certain organic moieties. While sorption of DOM to soil minerals typically involves a degree of irreversibility, it is unclear which structural components of DOM correspond to the irreversibly bound fraction and which factors may be considered determinants. To assist in elucidating that, the current study aimed at investigating fractionation of DOM during sorption and desorption processes in soil. Batch DOM sorption and desorption experiments were conducted with organic matter poor, alkaline soils. Fourier-transform infrared (FTIR) and UVVis spectroscopy were used to analyze bulk DOM, sorbed DOM, and desorbed DOM fractions. Sorptive fractionation resulted mainly from the preferential uptake of aromatic, carboxylic, and phenolic moieties of DOM. Soil metal-oxide content positively aff ected DOM sorption and binding of some specifi c carboxylate and phenolate functional groups. Desorptive fractionation of DOM was expressed by the irreversible-binding nature of some carboxylic moieties, whereas other bound carboxylic moieties were readily desorbed. Inner-sphere, as opposed to outer-sphere, ligand-exchange complexation mechanisms may be responsible for these irreversible, as opposed to reversible, interactions, respectively. Th e interaction of aliphatic DOM constituents with soil, presumably through weak van der Waals forces, was minor and increased with increasing proportion of clay minerals in the soil. Revealing the nature of DOM-fractionation processes is of great importance to understanding carbon stabilization mechanisms in soils, as well as the overall fate of contaminants that might be associated with DOM.
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Sorptive and Desorptive Fractionation of Dissolved Organic Matter by Mineral Soil Matrices
Adi Oren and Benny Chefetz* I nteractions of dissolved organic matter (DOM) with mineral constituents infl uence the stabilization of organic matter in soil (Torn et al., 1997; Kaiser and Guggenberger, 2000; Kleber et al., 2005; Rumpel and Kögel-Knabner, 2011; Sanaullah et al., 2011) . Input sources of DOM can be natural (e.g., litter leachate and its decomposition products, as well as root and microbial exudates) or also exogenous, in the case of agricultural systems (e.g., soluble compounds released from composted materials or biosolids, or arriving in the dissolved state with treated-wastewater irrigation). Since DOM is characteristically a heterogeneous mixture of chemical groups in various physical sizes and spatial conformations (Chefetz et al., 1998a) , its mineral-surface reactivity is competitive among its subcomponents (Gu et al., 1996) . Th is leads to molecular-based fractionation of DOM upon sorption (Navon et al., 2011) . Reports on the preferential sorption of hydrophobic (Kaiser et al., 1996; Guo and Chorover, 2003) , large (Ochs et al., 1994; Gu et al., 1995; Zhou et al., 2001; Hur and Schlautman, 2003) , and aromatic (McKnight et al., 1992; Polubesova et al., 2008) DOM fractions, as well as of carboxylic functional groups (Gu et al., 1994; Kleber et al., 2007) , are common from experimental systems using model soil minerals. Th e involvement of carboxylic functional groups in ligand-exchange complexation reactions with hydroxylated Fe-and Al-oxide surfaces is considered a major interaction pathway by several groups (Parfi tt et al., 1977; Tipping, 1981; McKnight et al., 1992; Gu et al., 1994; Chorover and Amistadi, 2001; Kaiser and Guggenberger, 2007) and is linked with high-energy bonding of DOM to mineral surfaces (Afi f et al., 1995; Kaiser and Guggenberger, 2000; Kleber et al., 2005) . It is only under alkaline conditions that phenolic structures (having high pK a values) can participate in similar complexation reactions (Gu et al., 1995) .
Th e trivalent cations Fe 3+ and Al 3+ are also involved in the binding of DOM moieties that are able to donate electrons to them (Zhu et al., 2004) , such as aromatic structures. Together with ligand-exchange complexation, such interactions may render metal-oxide surfaces catalysts for humifi cation processes (Arfaioli et al., 1997) . For example, Polubesova et al. (2010) demonstrated the role of surface Fe 3+ in the oxidative transformation of various organic acids, resulting in the formation and polymerization of free radicals. It appears, therefore, that the involvement of polyvalent metal cations in such energetic interactions may largely account for the irreversible sorption of DOM to soil/oxides. In fact, the limited number of studies examining the desorption of DOM following its sorptive interaction with soil or model minerals have reported high levels of sorption irreversibility (Kaiser and Zech, 2000; Kahle et al., 2003; Joo et al., 2008) .
While it is clear that the interaction of DOM with soil minerals involves a degree of irreversibility, it is still unclear which structural components of DOM correspond to the irreversibly bound fraction and which factors may be considered determinants. Revealing the nature of sorptive and desorptive DOM fractionation is of special consequence for the fate of contaminants and other organic and inorganic species in soil, since these will diff erentially interact with DOM fractions in the sorbed and mobile phases. Th erefore, the main objective of the current work was to study molecular-level physicochemical DOM fractionation processes that might be occurring during both soil sorption and desorption of DOM.
Materials and Methods

Soils and Dissolved Organic Matter
Soil cores (90-120 cm) were obtained from three sites in Israel located along the Mediterranean Coast, in areas that are traditionally used for intensive agriculture. Th e sites, from north to south, are Akko (33°07′37″N, 35°44′17″E), Basra (32°25′59″N, 35°32′56″E), and Nir-Oz (31°27′25″N, 35°02′28″E). Th e soil samples were air dried and sieved (<2 mm). Fundamental chemical and physical analyses of the soils were performed, according to Sparks (1996) and Dane and Topp (2002) , respectively. Soil pH was determined in equilibrated soil aqueous extract (1:10 v/v) using double-distilled water. Total organic carbon (TOC) content was determined by oxidation with 1 N potassium dichromate in acidic medium, according to Rowell (1994) . Metal elements were extracted from both amorphous and crystalline oxides and hydroxides by the method of Mehra and Jackson (1958) , using dithionitecitrate-bicarbonate reagent. Quantifi cation of Fe, Al, and, Mn was performed using ICP/AES (Acros-EOP, Spectro).
Th e DOM was extracted from mature composted biosolids, obtained from a commercial compost factory (Dlila, Israel), by mixing a homogeneous compost sample with distilled water (1:10 v/v) and shaking (200 rpm) for 12 h. Th e DOM solution was isolated by centrifugation (10,000 g for 20 min) and subsequent pressure fi ltration through a 0.45-μm membrane fi lter. Th e DOM solution exhibited pH, electrical conductivity, and TOC content (measured with a VCPH model TOC analyzer, Shimadzu Scientifi c Instruments) of 9.9, 2.3 dS m
, and 300 mg L −1 , respectively. Th e isolated DOM was subsequently freeze dried. Th e DOM was analyzed for content of acidic functional groups, following the procedure of Inbar et al. (1989) .
Dissolved Organic Matter-Soil Sorption and Desorption Experiments
Sorption-desorption processes were investigated in batch experiments. Aliquots (20 mL) of DOM solution were mixed with 2-g portions of soil in 40-mL centrifuge tubes. Seven DOM concentrations were implemented (from ~3 to ~75 mg C L −1 ), corresponding to the wide range of environmental soil conditions. Experiments were performed in duplicate. Th e DOM solutions were prepared by dissolving freeze-dried DOM material in a background solution containing 3.7 mM CaCl 2 (for maintaining a constant ionic strength in all experiments) and 1.5 mM NaN 3 as a bacteriostatic agent (Chefetz et al., 2006) . Th e solutions were passed through a 0.45-μm membrane fi lter before their introduction to the soils. An equilibration time of 4 d was determined in preliminary kinetic experiments. Th e experiments were performed at 25°C. Th e possibilities of DOM-vessel interaction and/or microbial degradation of DOM were excluded by verifying that TOC of a DOM solution run without added soil did not change during a similar equilibration period. In addition, an organic carbon mass balance evaluation was performed for an equilibrated DOM-soil sorption system. Th e mass balance (considering solution and solid phase measurements) accounted for >90% of the organic carbon in the system. At the end of the sorption-equilibration period, the tubes were centrifuged and a 10-mL aliquot of the supernatant was drawn, fi ltered (0.45 μm), and analyzed for TOC content. A fresh 10-mL aliquot of DOM-free background solution was then added and a 4-d desorption phase begun. Four similar sequential desorption steps were performed.
Dissolved Organic Matter Characterization
To characterize the fractionation processes undergone by DOM in the course of sorptive and desorptive interactions in the soils, a sorption-desorption procedure identical to that described above was repeated with a single initial DOM concentration (~75 mg C L
−1
). Th e bulk (i.e., initial) DOM, nonbound DOM, and desorbed DOM fractions were analyzed by UV-Vis and Fourier-transform infrared (FTIR) spectroscopy. For the UV-Vis analysis, DOM solutions were diluted to <30 mg C L −1 to keep them in the linear concentration range of the absorption values. Absorption was measured over a wavelength range of 200 to 800 nm with a Spectrophotometer Evolution 300 model instrument (Th ermo Scientifi c). Th e specifi c UV absorbance value at 280 nm (SUVA 280 ), which serves as an index of sample aromaticity, was calculated as the ratio between absorption intensity at 280 nm and the TOC concentration of the sample. Th e ratio E 2 /E 3 serves as an index for the relative molecular size of a material and was calculated based on the respective absorption values at 250 and 365 nm (Polubesova et al., 2008) . Pellets for FTIR spectroscopic analysis of the DOM fractions were assembled from 1.5-mg aliquots of dried DOM samples and 98.5 mg of IR-grade KBr. Th e FTIR spectra were acquired with a Nicolet 6700 spectrometer (Th ermo Scientifi c) over a wavenumber range of 400 to 4000 cm . Baseline correction was performed with Omnic software. Subtraction of the nonbound DOM spectrum from the bulk DOM spectrum provided an assessment of the bound DOM fraction.
Results and Discussion
Sorption-Desorption Isotherms
Th e DOM sorption isotherms obtained for the three studied soils (Fig. 1) illustrate that the content of metal-oxide minerals is an important factor in determining DOM sorption. Th e clay-as well as metal-oxide-rich Akko soil (Table 1) sorbed signifi cantly larger amounts of DOM than the other two soils at any given equilibrium concentration. Th is was expressed by the twofold greater sorption capacity value (Langmuir Model) calculated for the Akko soil compared with the Basra and Nir-Oz soils (996, 531, and 479 mg C kg −1 , respectively). Greater sorption to the Basra soil than to the Nir-Oz soil, despite the 55% smaller specifi c surface area in the former soil, provided further support for the important role of metal-oxide minerals in the sorption of DOM (Kaiser et al., 1996) . Th e DOM sorption affi nity values are expressed as distribution coeffi cients (K d ) extracted from the Freundlich equation for an equilibrium DOM concentration of 40 mg C L −1 . Th e K d values were 6.82, 4.69, and 2.99 L kg −1 with the Akko, Basra, and Nir-Oz soils, respectively, and followed the trend obtained for sorption capacity values. Th e K d values were close to those reported by Navon et al. (2011) for sorption of DOM to a vertisol and its isolated clay fraction, and by Ling et al. (2006) for the sorption of DOM to 10 diff erent soils.
Dissolved organic matter desorption isotherms revealed strong sorption-desorption hysteresis with all three soils (Fig. 1) . It is important to note that up to 83% of sorbed dissolved organic carbon was retained in the soil after four sequential desorption steps. Th e sorption-desorption hysteresis levels recorded in the current study were comparable to those reported by Kahle et al. (2003) and were mostly in the range of 60 to 80%.
Bulk Dissolved Organic Matter Properties
Th e FTIR spectrum of the bulk DOM (Fig. 2, top) is indicative of a high aromatic-to-aliphatic ratio. Th is was mostly apparent from the very low absorbance in the 2930 to 2970 cm −1 region of the spectrum (sp 3 C-H stretches), which is typically very high in spectra of compost DOM (Chefetz et al., 1998a (Chefetz et al., , 1998b . Although peaks exclusively attributable to paraffi nic C-H deformations were observed (1420 and 1435 cm −1 ; Chefetz et al., 1998a) , they were limited in intensity. In contrast, considerable aromaticity of DOM was demonstrated by major peaks at the 1450 to 1496 cm −1 range (a strongly absorbing region in manure composts that corresponds to aromatic C = C stretches; Niemeyer et al., 1992) , at 1111 to 1172 cm −1 (a strongly absorbing region in hydrophobic fractions of wastewater DOM corresponding to aromatic C-H vibrations; Ilani et al. , 2005) , and at 817 to 879 cm −1 (typical of humic acids and corresponding to aromatic out-of-plane C-H bending; Niemeyer et al., 1992 ).
An especially high abundance of carboxylic functional groups was evidenced by a peak at wavenumber 1390 cm ) to the DOM spectrum. Th e high pH (~9.9) of DOM used in this study, which was far above the typical pK a range of carboxylic groups, was undoubtedly responsible for the prevalence of peaks assigned to carboxylate groups (1390, 1635, and 1650 cm −1 ) and the lack of undissociated forms of carboxyls (1740 cm −1 , Gu et al., 1995;  1725 cm
, Eusterhues et al., 2011) . Carboxylic acidity of the studied DOM (16.6 meq g C −1 ) was in the high range of values reported for compost DOM (Hunt et al., 2007) . Th e studied DOM sample also exhibited an elevated phenolic acidity value (14.5 meq g C −1
), which was corroborated with a substantial SUVA 280 value (Table  2) . Th e high carboxylic and phenolic content of the DOM might be explained by the high level of maturity of the compost used in the current study (Chefetz et al., 1998b) . Furthermore, it may suggest the presence of hydroxybenzoic structures in the DOM (Guan et al., 2006a) .
Dissolved Organic Matter Fractionation during Sorption
Th e FTIR spectra of the bulk DOM, nonbound, and bound fractions of DOM in the course of its interaction with the soil are presented in Fig. 2-4 . Th e changes in DOM during the interaction resulted in fairly similar sorbed fractions with the three soils. As noted from , which dominated the spectrum of the bulk DOM, became even more pronounced in the spectra of the bound fractions. Th e role of carboxylic groups in the binding of DOM to model soil minerals has been repeatedly demonstrated using FTIR spectroscopy. Notably, the mineral binding of DOM constituents designated band wavenumbers of ?1390 cm −1 (±10) was reported in most of the studies and was explicitly interpreted as a carboxylate group complexed with metal oxide (Biber and Stumm, 1994; Chorover and Amistadi, 2001; Eusterhues et al., 2011; Guan et al., 2006a; Kaiser and Guggenberger 2007; Parfi tt et al., 1977; Sharma et al., 2010; Tejedor-Tejedor et al., 1992; Yost et al., 1990) . Th e carboxylate group designated by the peak at 1635 cm −1 exhibited only limited sorption and prevailed mainly in the nonbound fractions. Th e shoulder at 1650 cm −1 in the bulk DOM spectrum changed to a signifi cant peak in the sorbed fraction from the Akko soil. In contrast, this peak was rather small in the Basra soil and approached a plateau in the Nir-Oz soil. Th is band was interpreted by Chorover and Amistadi (2001) as an asymmetric carboxylate stretching involved in the formation of a stable Fe-carboxylate complex on a goethite surface. In contrast to the interaction with metal oxides, those authors argued that the interaction of this carboxylate group with montmorillonite occurs via a weaker association between carboxylate and hydrated surface cations, i.e., via a water-or cation-bridging mechanism on the layer silicate. Th e diff erential pathway of carboxylate interaction with metal oxides versus clay minerals may be supported by the trend recorded for this specifi c moiety in the current study (Akko > Basra > NirOz), which was positively correlated with the relative contributions of metal oxides to the mineral compositions of these soils.
According to , a DOM band at 1625 cm −1
(1620 cm −1 in our spectra) when accompanied by a shoulder at 1580 cm −1 (or 1573 and 1589 cm −1 herein) or 1510 cm −1
(1512 cm −1 herein) may result from C = C vibration of aromatic structures, rather than from a carboxylic group. Biber and Stumm (1994) similarly attributed a peak at 1620 cm −1 in the spectrum of salicylic acid to aromatic ring C = C vibration. Kung and McBride (1991) attributed major bands at 1582, 1474, and 1441 cm −1 (a highly absorbing region in the current spectra) to aromatic ring C = C stretching vibrations and demonstrated their involvement in the sorption of chlorinated phenols on various types of Fe-and Al-oxides. In addition, the latter authors demonstrated that peaks at 1378, 1338, and 1198 cm −1 (O-H bending and deformation vibrations) accompany the spectra of the sorbed phenols. Analogous peaks in the current spectra of the sorbed DOM fractions were noted at 1374 and 1343 cm −1 , whereas a peak at 1111 cm −1 might correspond to a phenolic structure similar to those demonstrated by Gu et al. (1995) as dominant participants in DOM complexation to hematite. Interestingly, this latter peak's intensity was greatest in the Akko soil spectrum, followed by Basra soil. It was practically absent from the Nir-Oz spectrum. Th is follows the order of the metal-oxide content. It also matches the trend recorded in the SUVA 280 measurements (Table 2) for the preferential uptake of aromatic moieties. All of the above imply that the contribution of phenolic groups to DOM sorption in the currently studied soil systems could certainly be important and might be associated with interactions with metal oxides.
Th e alkaline conditions in which the current investigation was conducted are expected to encourage participation of phenolic groups in the sorptive interaction of DOM. Due to the signifi cantly elevated pK a range of phenolic groups (typically >9) relative to carboxylic groups (1.4-4.5), the main obstacle for phenol surface reactivity (i.e., dissociation) diminishes as pH increases. Under conditions that allow dissociation, the coordination step is more favored by the Lewis basicity of the phenolic oxygen than by that of the carboxylic oxygen (Guan et al., 2006a) . Furthermore, several studies have demonstrated that the sorption of benzoic acid derivatives to metal oxides is enhanced by the presence of additional phenolic groups (Evanko and Dzombak 1998; Tejedor-Tejedor et al., 1992; Yost et al., 1990) . Th e electron-donating resonance eff ect of phenol groups can increase the electron density within an adjacent carboxyl group, thereby favoring the metal-carboxylate complexation. An alternative explanation might be the simultaneous binding of a carboxylic oxygen and its respective ortho phenolic oxygen to a single metal atom (an inner-sphere bidentate mononuclear complex), or an especially energetic association of two adjacent phenolic groups ortho positioned to each other in bidentate complexation (Guan et al., 2006a) . Th ese fi ndings suggest that the high carboxylic and phenolic contents of the studied DOM, along with the high pH conditions of both the DOM and soils, are the main factors underlying the high levels of sorption irreversibility recorded with this DOM (Fig. 1) .
Polysaccharide moieties exhibited limited sorption (1065 and 1095 cm −1 bands corresponding to C-O stretches; Niemeyer et al., 1992) . Similarly, observed only moderate preferential uptake of carbohydrates during interaction of DOM with various types of metal oxides. In contrast, Eusterhues et al. (2011) , studying the sorption of forest-fl oor-extracted DOM and lignin on ferrihydrite, observed sorbed fractions that were rich in carbohydrate peaks. However, the spectra of the sorbed fractions in that study were not much diff erent from that of the original material, preventing a clear evaluation of sorptive fractionation. 
Dissolved Organic Matter Fractionation during Desorption
Following the sorption step, the equilibrium solution was replaced with a background solution, thus stimulating DOM release from the soil. Th e desorbed DOM fractions included molecular structures that were also present in the bulk and sorbed DOM fractions, although they diff ered markedly in their relative proportions (Fig. 6) . In each of the soils' desorption spectra, the peak at 1635 cm −1 was the most pronounced. In sharp contrast, the peak at 1390 cm −1 , which manifestly dominated the sorption spectra, was reduced to merely an undersized shoulder. Th e fact that the carboxylate moiety associated with the 1635 cm −1 peak constituted much of the desorbed fraction hints to its fairly weak association with the soil mineral matrix. In contrast, the pronounced sorption irreversibility of the 1390 cm −1 moiety implies high-energy binding. Eusterhues et al. (2011) showed that a DOM peak at 1631 cm −1 representing a carboxylate stretching vibration was a major element in the interaction of DOM with ferrihydrite but considered this interaction to be occurring via outer-sphere complexation. Characteristically, outer-sphere interactions are weaker than inner-sphere ones. Regarding the peak at 1390 cm −1 , Guan et al. (2006a) reported this band as the most prominent in the spectra of various dihydroxybenzoic acids. Moreover, those authors showed that gradually increasing pH from 2 to 12 results in increasing dominance of this peak in the spectrum. Th is strongly suggests the occurrence in our study of a binding mechanism involving sorption of a benzoic acid group that is enhanced by the presence of additional phenolic groups (Evanko and Dzombak, 1998; Tejedor-Tejedor et al., 1992; Yost et al., 1990) . Th e sorption strength for compounds containing carboxylic groups has been previously shown to depend strongly on the position of hydroxyls with respect to the carboxylic group (Gu et al., 1995; Guan et al., 2006a) . In the evaluation of specifi c complexation mechanisms of dihydroxybenzoic acids with Al-hydroxide, Guan et al. (2006a) concluded that the carboxylate group signifi ed by the 1390 cm −1 peak is involved in bidentate mononuclear complex formation.
Th e peak at 1589 cm −1 made a signifi cant contribution to the spectra of sorbed DOM for all soils (Fig. 5) . As in the case for 1390 cm −1 , it was practically absent from the desorption spectra (Fig. 6) . Th e 1589 cm −1 peak signifi es a C = C aromatic stretch, rather than a carboxylate group, as evidenced by the occurrence of dominant bands (1585-1595 cm −1 ) in the FTIR spectra of phenol (Tejedor-Tejedor et al., 1992) , various chlorophenols (Kung and McBride, 1991) , and lignin (Eusterhues et al., 2011) . Th e joint contribution of aromatic and carboxylic moieties to irreversible sorption may suggest the surface complexation of aromatic compounds having carboxyl functionalities to metal oxides as demonstrated by McKnight et al. (1992) and .
Th e mutualism between aromatic backbones and acidic functional groups in the sorption of DOM to metal oxides is also implicated from the more intense sorption of humic acids as compared with other DOM sources. Sharma et al. (2010) quantifi ed the sorption of Pahokee peat humic acid to ferrihydrite as 1-to 10-fold higher than the Q max evaluated for sorption of various terrestrial and aquatic sources of DOM on metal-oxide minerals (Chorover and Amistadi, 2001; Gu et al., 1994; Zhou et al., 2001) . Similarly, Guan et al. (2006b) measured 2.6 and 1.3 times greater sorption of Aldrich humic acid as compared with phthalic acid and 2,3-dihydroxybenzoic acid, respectively, to Al-hydroxide at pH 8. Remarkably, the FTIR spectra of both Aldrich and Pahokee peat humic acids were shown to be exclusively dominated by two peaks, which precisely matched the 1589/1390 cm −1 pair recorded in the current study. Th is strongly supports an aromatic/carboxylic interrelation in the sorption process.
Aldrich humic acid was further shown by Guan et al. (2006b) to fractionate during the reaction with Al-hydroxide, exhibiting the preferential sorption of high-molecular-weight aromatic molecules. Even so, these same components were more easily desorbed than their lower molecular weight counterparts during a competition with phosphate for the sorption sites. Th ese results imply that while high-molecular-weight humifi ed material, characteristically rich in aromatic carboxylic structures, is highly signifi cant in soil surface complexation reactions, it is just the lower molecular weight humic fractions-selectively enriched in acidic functional groupswhich are more sorption competitive and potentially less inclined to be released. Th e E 2 /E 3 molecular-size index calculations from the current study (Table 2) only support this notion with respect to sorption. Indeed, the sorbed fractions were considerably larger than the bulk DOM. Yet, the fractions desorbed from the soil were somewhat smaller than those that were sorbed. It is possible that aromatic structures capable of serving as electron donors to trivalent metal cations experience oxidative transformation and subsequent polymerization and stabilization on metal-oxide surfaces during sorptive interactions (Arfaioli et al., 1997; Polubesova et al., 2010; Zhu et al., 2004) . Th is might support the tendency toward smaller molecules in the desorbed relative to sorbed fractions.
Moderate peaks at 1496, 1481, 1466, and 1450 cm −1 , which typify aromatic C = C stretches (though the last two signals may also be assigned to aliphatic functionalities), were observed in the desorption spectrum of the Akko soil and to a lesser extent, in those of the Nir-Oz and Basra soils (in that order). Corresponding peaks denoting aromatic C-H vibrations (1172-1111 cm ), were perceived, too. Th e signifi cant release of aromatic DOM components can be similarly appreciated from the SUVA 280 data (Table  2) . Nevertheless, the released fractions were less aromatic than the sorbed ones.
Th e degree of release of aliphatic moieties from soil was also considerable in view of the signifi cant absorbance at 1435 cm −1 and the shoulder at 1420 cm −1
(bands exclusively attributed to paraffi nic C-H deformations). Th is was especially notable with the Akko soil and the least so with the Basra soil. Th e affi nity of aliphatic structures of DOM to soils and minerals has been shown to be low and it can be assumed that such interactions would mainly derive from weak van der Waals forces. Since the Akko soil has a signifi cantly greater proportion of clay minerals than the others, we suggest that uncharged, hydrophobic patches of siloxane surfaces (Sposito et al., 1999) allow for a greater degree of interaction of aliphatic moieties and hence their greater release.
Conclusions
Th e main soil factors aff ecting DOM sorption have been broadly recognized in past research (i.e., positive eff ects of metal oxides and clays, and negative eff ects of soil organic matter). Chemical and physical modifi cations occurring in DOM during interaction with soil have also been generalized in terms of the preferential uptake of high molecular weight, aromatic, and carboxylic moieties over others. Yet, data from soils, rather than model mineral systems, are needed.
Overall DOM sorption was shown in the current investigation to positively depend on soil metal-oxide content but not on the soil surface area available for interaction. Ligandexchange complexation reactions of carboxylic and phenolic DOM constituents with metal-oxide surfaces were supported by FTIR analysis. Furthermore, correlations were established between the relative uptake of specifi c DOM ligands and the metal-oxide content of the sorbents. Individual carboxylic and phenolic structures demonstrated irreversible binding, advocating the potential contribution of such DOM structures to carbon sequestration.
Revealing the nature of DOM-fractionation processes is of special consequence for the fate of contaminants, which may diff erentially interact with DOM fractions in the sorbed and mobile phases, particularly in agricultural systems that are exposed to high input of DOM (Drori et al., 2005; Anagu et al., 2011) .
